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1.1 I LR

KT 2017 4F 10 H—2019 4£ 9 HEF HHE
VG FLDUASHHAT o SEVULL TR AR By rh g, Hhab AR
120912'—12040', b4 3634'—37909, & T i
A KBty P A% o 3R 280U o B TN 22 25 SR LUK
G DR E AR U NS = 5SS L NI CIESS IS
BEARH SR/ FPSIE 113 C, FiRE
BN, B IR R IAE 7 H % H PR 25.3 C;
RACREIE 1 A, & FIRE-3.3 C. FHEK
&4 635.8 mm. FER[AIYAREERFFEILR, F5
RN 3.6 mis. HIEFA KN 1 007.6 hPa, 4£1
H BB A] 2 656.3 h, FE3/KIRZ K EN 1629.0 mm.
TEA/ N RIGTT IR, A KFFEKE 177 mm, 4
1770 m*hm?.

I IX 4t HHb 16 008 m?, 5 X AT #E R oK,
HHERRUOGEE 4. 0~20 cm 2RI A AL
Fabr2r 0N BHUFRE 21.91 g/kg TR & 0.95 g/kg-.
AR 155.72 mo/kg. H A 34.55 mg/kg. pH
8 7.46. 20~40 cm =2 3 FAR T FRHR 5N -
AHLUFEE 17.76 g/lkg- BlfiE % & 0.89 g/kg. A&
113.61 mg/kg. H & 18.34 mg/kg. pH 1H 7.06.
1.2 It

PN SR O SR A 21 5 o TES RS
PR F R R RIS AR, K5I E 5 4
AR JEHE (TL) : /BMXEK 54 m. K5 49.6 m,
ST AR 2 678.4 m?; NS (T2) + DX EK
56 m. A% 52 m, EHHER 2 912 m?; KA
(T3): /MX K 80 m. &0 %E 56 m, & (AR 4 480
m’; MO (T4) : /NX K 86 m. AL%E 56 m,
LTS 4 816 m?; E (T5) : /MX K 166 m.
M 19.2m, AR 3187.2m%. /NX 2 JE] DL ZE
FEIF, EUREREETINZE 4 17. ACBRZ [RIBEHL A,
R 3 ANEL

Jit A R E 356 it R i AH B B 1) 77 3 e I D
F 1, HABE GRSy 20%) « #E (Ffk
BiEN 50%) « AAUIE CHPLUREN 72%, Z A
3.28%, P,0s &N 0.42%, K,O £4 0.37%) 1E Mk
fE—PEREA; BAE RZE, & N &N 46%) K
FEEE 312030 2 MHLBITE /NIRRT A 5T S
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WERINSIEHE 10k, JKACFEIGE . FRE. NRmE. K
RAGHGE | v 00T 4 Mg AR X5 S 2 i A 7 B
JKE SRR 173 /Kt I B ab 3y, SR JEE R S B
it JIE R VA A AT PR 2R O MR CRE F 3) 2 mi AL B, JF:
K T R E 7K B VE R B AL PR/ X Y o 8 RE R ) 2 S
NLR RN, SR 5 P AT HE M. 72/
HEB WK 4 0 4351 A5EkK 600 mPhm?, 12
7K 200 m¥hm?, KFik 50 mhm?. #ERIK 150
m*hm?, HEK L 1000 m¥hm?, AR AL EEAE ]
—REIK I K AR A
&1 TR A et A2

Table 1 Application amount of different treatments  kg/hm?

A3 Treatments N P,05 K,0
T1 180 150 120
T2 160 150 120
T3 160 150 120
T4 160 150 120
T5 160 150 120

INFEPLTE (20cm) 4 (18 cm) 475 iEFh. 8
VEX (TL RA/NE T B /B REEAR 2
(T2) WHEHAR BT 3N 14 4 17 (2 WS 2 Al 3k
A A4T/NE) , BEERIAIEE N 0.76 m. EHI/KEE R
BAERA/NX R, PN X A aA gk, BUR
BIRNE ARG RAZES: KB (T3) 2 MR
W 2 A PE B 3 my B2t (T4) SREER
— T FL, 2 W Z AR A 10 m, 28 EAIAR
BRSOy 9 m. EEIX (T5) MHEE a7 =N
1% 447, EH/KEEREEGA/DXEHE, M
X Hp R AR AR K, DR Sk AN R 51 S 22 5
BERARE RS, &1 16 mm. #HkEEN
20 cm, JiFkiiEN 3 L.

1.3 #H&mNE
131 #H&iE

TR /N X 5 BN A RAE XA = X B 47
FEIRE SRR I E B RAE X, W= X 17T T B
= o FEENAAE TN E I RO
WITE o TR/ A 2 73 Bk, b S AR AR
FEI T2 K OCFR R o AN/ INX BEALEL 1 m K1) 2 47 FE AR
IG5 BRI, K e i AR AR N — AN B,
FEAIIRR 7 N ZEM L BT KR, 2 BIvEiE, SRR
A FEATE 105 C AT 30 min, 75 CHET, i
s = A N i S 7/ O R LSO [ =
H2S04-H,0, £, T AL FH LI & B A & 4
R HUHTE Lyl e 4k, 30 v S P i
(Y, USRI EC 9 m? BE DT R T
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SPAD 1 {8 F§ SPAD-502 SPAD 4% £ FH [a] 3R 5 /[N [X
P BEHLIERL 15 PRI, &t R
Mg 3 RICFIIMENE iz by it SPAD 1B
1.3.2 H AR AN KX

fire &N AETHA K T R Ak, 8
8 E CEM L F50) ARV D I Y R BF R,
U7 35 48 B 05 e kPR R RS T hn 1 5 a2y
BT 288 (kg/hm?) =fE8] (188D H b
TYIREMRE, TYRERE (kghm®) =1EH (7
TEHAD o T4 0 AR — R R SR A
T BRE (CEM+F50); BB TR 51
BREZE (%) =TV &R &8>100%.

BN A KA A BERIR, B
B OCEMHRGD DR SR 2R,
B EA. BRI E A TR (B
SR (kg/hm?) =18 F A (B S E=H I
T4 5 B >R (D B B 3 R (B #7588 (kg/hm?)
=1l (D) A (B BAE-UGkiH -
HE TR CEM+ETE) & B BRE; & (B
HRACR=R (B HBEEA el Hh -
(M) B E>100%; A () sTskE=2 ()
HREATRE (B ZAIE<100%.
1.4 BIRSH

ffF Office 2010 HiTH M 5HE, H

DPS2015 #HTHHESL 14T, LSD yE LA AbEE a1
ERDEME.

2 BRSO

2.1 FNEIEEREX 3T/ NEREMH SPAD ERISZNT

AN [ REBR AR O /N 2 AN TR A BT SPAD A
SN ANR 2 s . B 2 T, ANRIEBER U N
ANEAF W SPAD {H 52 AR o AS[EALEEL /N
JHE SPAD {H 47 HESR HHIR B i R AE, 28 R 22
Be/ME .. ZRET. Y TS AbFR/NEHE SPAD {1
BE ST HAIE, #EH T4 L/ NZHEH SPAD
B, WERI. BRI T1 kBN SPAD #x
. ERMIZET, T4 AFENERE SPAD E¥ET
T1 b3, FESRIA S 2O T4 AhFE /N i SPAD 15
KT T1 AbBE. MER AR A T2, T3 &b#/NEE
JiEH SPAD BT T1 ARFE, Ml 280 3 it b,
T1. T2. T3. T4. T5 4H/NEjEH SPAD {84 7 4
ik 57.7%. 62.5%. 61.3%. 54.3%. 41.5%, T4. T5
AbER /N7 T SPAD B FFEARIR ST T1 Ab3 . Bl
11 T5 AbFE/NFZ I SPAD {55 T1 AbHE R 32.1%. M
A B AN ZE I SPAD H AR LR E R, 12
T5 4B/ T SPAD {H FEIRHRE /NT- 50%, At
T5 A EEA R T gR /N 22 gt SPAD B [ F#MK.

k2 TR B X ERE A F Hifet SPAD 14

Table 2 SPAD of flag leaves at different growth stages of wheat under different irrigation modes

AbEE Treatments  Z# 7MY Booting stage #1639 Flowering stage

WESZ Y] Pustulation stage

I #438] Dough stage Y] Mature stage

T1 50.6+1.0bc 56.7490.4b
T2 49.2# 1c 58.0+1.3ab
T3 51.1+#.2b 56.620.7b
T4 51.24+.0b 59.040.4a
T5 54.240.3a 56.8%2.1b

60.040.6a 58.8+1.6a 24.942.2b
58.140.8b 57.940.6a 21.742.6b
58.1+.4b 54.033.6b 20.920.8b
59.940.6a 55.840.5ab 25.530.1b
58.7+.0ab 56.24.2ab 32.946.4a

I R FEUE R A RN 7 BERIR AL R (R E P<0.05 KFEREE, TR,
Note Different | letters indicated that there was significant difference between the treatments at the level of P <0.05, the same as below.

2.2 ANEFEIER I NETFHRIRREMNFN

AN [E)FE R ASE U0 2 /N 22 ) ot SRR L 72 1) 52 i
W 3 fras. MR 3 WA, T5 AHEAEH TR 2R
BRI S 38.0%~59.2%, ZRFEE. ANF4
/N Z2 55 7 T 100 SO FF R DT HR R R0 -4 SR e % B 2
SR T5 A3 B 2 = T HA AL, T2 AR A A,
T3. T4 WHE 2 (AT 257 . T5 AN E )5
HBER T1.T2.T3. T4 4353 J 5 146.9%.533.7%.
184.1%. 165.5%, T1. T3. T4 kbH 2 875 &%=
Ft o T5 A FRILFE T W N FF R DTER 268 T1. T2, T3,
T4 AEFR45> 5 104.8%. 421.0%. 129.0%. 126.8%,
ZpinE. T2 WE/NERAT TR ERE. TYR

R B RS T O R DT R R S T HoAth Ak 2
2.3 ARIERER T NERRRIGEBRIZMN
AN TR FE R ABE 20T 28 /)N 22 G602 W U3 % 1) 52 1) 2
* 4 PR, B 4T, TS5 AHERTRERE. A
e, R ERRL TR 235 B v T A AR B
T2, T3 MEEME RN E. AHEBE. BREMT
FDTHRZE S BT T Ab 38 . T4 b EEAE AT R R
B & LR F R DT R I T T5 Ab3. T5 &b
HAEHT R BB T1.T2.T3. T4 43843 7 5 38.6%.
55.4%. 107.7%. 28.8%, Z¢i#. T5 MHEEHEF
WF R, T3 &A%, T1. T4, T5 i 8L EEM
Z5t. BEBESEBET R R RN T5
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A >T4 AEEE>T1 ALFE>T2 A0EE>T3 b2, AL k5 FRBEBEX AN B BB IFL
2R EFRLE ., BEBESHNEREVIHE, T4, Table 5 Phosphorus absorption and transfer of winter wheat
T5 Kb ERFEFE ZOFF R DT R A 4 T1 AL 35301l 51 13.1%- under different irrigation modes
%, 3 FES Hh R ) N s
23.0%, ZFRE muf REBE ) f%\g@
s ; Y. Ab R SRR P transfer B transfer TR
& 3 RREBAR KA TR RARAEAS L Treatments  PAPAQ/ quantity/ - Contribution
. . 2 2 efficiency/%
Table 3 Accumulation and transfer of dry matter in wheat (kg hm™) (kg hm™) rate/%
under different treatments T1 24.340.9¢c 15.14.0b 62.1+2.1a 52.6+2.8b
13 T TR R AR TOREER T T 186:0%  160de 854224 441,08
Treatments DMABF/(kg hm?) AODMT/(kg hm™?) ROC/% T3 21.240.9d 4.940.6d 23.18.1c 13.8+.7d
T1 13 925.84723.8c 2 570.04220.0b 35.143.5h T4 26.840.8b 11.940.7c 44.44 .9b 40.542.8¢c
- 12 071 14426.7c 100124187 7c 13.849 6¢ T5 315#15a  20.040.7a 63.540.9a 59.442 7a

7E  PAPAQ-Pre-anthesis Paccumulation quantity.

T3 13 620.7+1 216.7bc 2233.2+104.5b 31.44.5b e Lae I - e ,
2.5 AEIEREXZ/NEEMRERHF N
T4 12 769.0+1 071.5bc 2389.74201.3b 31.782.7b Z: EY%{E%EFI;ﬁg/J\%F%*@EE %«%ﬂﬁ% 6 Fﬁ/j——\‘ 5
T5 19 217.14744.6a 6 344.54965.7a 7194068 [T 6 Al Hl, AEAHE/PNEFFEMHBRFEZZRHE.
¥ DMABF-Dry matter accumulation before flowering; AODMT-Amount T5 AL[\EE/J\£$%§&?& T1. T2, T3. T4 %%Uz 9.7%.
of dry matter transferred; ROC-Rate of contribution. 23.5%. 18.6%-. 9.9%, ZERWFH. T2. T3 &H/NFE
okl B N — e
B4 TR K Ak AT A RBURACTIMRAL R, T ALH AR AR

T2, T3, T4. TS Ab# 2 ML B EMZ R . T2 /N
FTHRFREN 468 g, W& T HAALIE, T3, T4,

Table 4  Nitrogen absorption and transfer of winter wheat

under different irrigation modes

pe— T5 MR (B REEER. PFEREN 2 M Z
miERE PR ey R N N
b N transfer o TS A1 T4, BAGH 2 N4bEER T1 A1 T3, AEACHEF
Treatments PANAQ/ quantity/ N transfer Contribution o . 9 o
(kg hm?) (kg hm?) efficiency/% rate/% Ei’)ﬂﬁj\j 7587.2 kg/hm ’ 1'X T5 ALI\EE}ME’%?:F&]7K
g hm . o
o T5 ALFRAEE T1. T2. T3, T4 ALERZ» 5P~ 22.7%.
T1 188.4-+1.8b 138.9455¢ 73.843.0a 67.343.0c o .
21.1%. 23.9%. 17.1%, WP 3R 5.
T2 168.0417.7¢ 110.9+1.4d  66.446.2hc 51.040.2d 26 RE A A £ SRR E
T3 125.744.9d 76.60.8e 61.042.8¢ 33.640.3e Table 6 Components of wheat yield under
T4 202741660  148.1%22b  73348ab  76.1%2.6b different irrigation modes
. PALROR KL e -
T5 261.142.2a 200.6#4.8a  76.8+l.2a 82.842.1a i T S TR g
. pike i i
Spike number/ . 1000-grain Production/
7E PANAQ-Pre-anthesis N accumulation quantity. Treatments CFkE ) gr:'“/*L weightlg (kg hm?)
. = 35 1. - Z/ \ 3 I] E ,E;u number/ L
2.4 AREIEHIRANZ &J ZHR BRI T1 717.04210b 4194292  39510.8c 7 188.94120.8¢
] VR INFE RN &
AR T 2/ %@; = W%fiiﬁﬂﬁ 5 T2 636.8410.6c  36.3#.2b  46.8+.5a 7 279.4457.1cd
TN o 7] , AS[E)FE AL 0wl % it
P ES%% 5 TE%D T[TE{}@E‘EWT (ESES LI T3 663.3#.7c  37.6444ab  433+15b  7118.3+147.4d
I AL ik EE. W
'ﬁffj\z_g/ i E e TEI&“ %E/Ji\%% HE?E% j‘%j’ i WY T4 715843400  37.2#1.1b  43.0#1.7b  7531.5472.3b
B LR AT R TT kR 1 0 T IR AR T2, T3 T5 786.6418.4a  40.640.7ab  41.840.4bc 8 818.0:46.3a

WFR/NZACHTIE R R B R R e Re
WX FFRL DTR R I BT TS, T1 Ab#. T5 AbEEAE
AU R R T AR, ANFAGEE Y (8 2R
o AFERCI N B RS TR R B F R DTk 2 22
T E AN FEA PR R 2 BRI T5 b EE >
T1 Ab3E >TA GhFE>T3 403 >T2 kbFH, 403 2 7] 22 5F
BE . AR EBE R SERIIE 40.3%, T1. T4,
T5 AR RS & TP KT AR
WX R TTRR R AME A 34.1%, T1. T4, T5 AbHif%
FE i TR R AL IE 439 5 54.3%. 18.8%. 74.2%.

2.6 NEFERIEA T NEANFF=H AL

AN FIRE AR R &N B B LR 7
Fime AR N, %8 P JORAHFRNTHE N
AN, MIE LT PR/ 2450 Jolt tHEE
P DLRRABEIR R (200 J/48, 50 kg/4$). i
WERR4S (150 Jo/4%, 50 kg/4%). &AL (250 JT/4%,
50 kg/4%), &R (MK 1 395 Ju/hm?), KAE—1k4k
VA% 42 HE AN [R] 25 e A 1) A FH 4 PR A R 14T BOA
THAE GRgRE S K TEE R 5 ay i UEds
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IKIEEEE S SR RN 10 @, K. AT
% (3120 Jo/hm?, BIERIAEEEK) B AR & A
RN PFH SN ZHZ ENET .

WAs N THNFE R E N A 72 AR o A R E
WA AR AR . P FROARAEF . T1 Ab3Epe/KitAe
BN Tt AR R S N THE PR S I AT 58K, 75
Z NFLFIPME. T T2, T3, T4, T5 kLI P/K e A]
AN EAT, XA 1 ANRIAT5ER. BRIk, T1 b3k
AR TR N T 2% FH A (3120 76/hm?), T2, T3,
T4, T5 AbPHE 204.7%. FEERARAMNZ 2K K
N T4 G >T2 A >T5 AbHE>T3 AFE>T1 4bFE,

LA 1S, T2 T3 . T4 TS A HE S R A48 A 8 481.4
Je/hm?, % T1 4b¥ (10 096.3 76/hm?) 1% 16.0%. T5
ACERPAE I TLNT2.T3. T4 A HE 4333l /5 22.7%..21.1%.
23.9%. 17.1%, ZR 5% . AR 253000 2
RRWGFEAR, ¥R T5 B >T4 43 >T2
ASFE>T3 AFE>T1 40FE, T2, T3. T4. T5 4¥H%L
GFRZR R T1 A FE 4y ) 25.0%- 23.4%. 25.4%.77.0%.
A CUE Y, ZEARRES HRA [RIE L 7 /N2 AR P2 A 5 K
R RE, RN A T e
BAF KRS — RGBS Y T2, T3, T4, T5 Ab#
LU B TR (TL 43D,

R T TR R BAR XIFNF = 1L

Table 7 Input and output of different irrigation modes
] B GG hm?) Pl Gt hm?)
Treatments AL Fertilizer FhF Seeds AT Manual work 4% Equipment 7#{4 Output value 2552435 Economic benef
T1 4841.3a 1935.0a 3120.0a 200.0e 17 612.8472.3cd 7516.5472.3¢
T2 4841.3a 1935.0a 1023.8b 637.6b 17 834.5+139.8¢c 9 396.8+139.8b
T3 4841.3a 1935.0a 1023.8b 361.3d 17 439.94361.1d 9 278.44361.1b
T4 4841.3a 1935.0a 1023.8b 1229.6a 18 452.3+177.0b 9 422.6177.0b
T5 4841.3a 1935.0a 1023.8b 496.7¢ 21 604.1+113.4a 13 307.3+113.4a

I RATE BN GG AE, NTRN RS S T 5, NN DT E N E M (2450 S/t T, RETRARTE

R EIR.

Note The input and output are calculated according to the wheat per hectare per season, the labor input is calculated according to the local labor price, and the

wheat price is calculated according to the national average price of wheat in the current season (2 450 RMBI/t). The costs of pesticides are not shown in the table.
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3.1 FESEBHER TR I SPAD R YR RIS
MR

MR R T e AR AL, MR EN
AR — B R AL b ] R4 ) RV A AR F 5 55
9, R S KR B SIS, SPAD fH 5
SRR PR, RELCE/ N SPAD fEEEAE
BIARAR AR, HRIABEE N B RN
Heidk, /NZREM SPAD fESGHIINE PR, 2R,
WE (TS5 4bF) #E/N22 SPAD 1f 238 = T HoAth e A
X BARTNECR TR 4. Bmilf SPAD 18
AT AEE T T e SR . A
TR, INEFPRLE KRR B AL JE B & A Y,
KPR B () B AT e AL BT RAE 5 Y6 & =4 R
(45 R0, e A P RO T R R T4
JFRERP, WHERBL ANAERET YR AR B — 7 R
TAEER A, 5 — TR TAERT SAR T ik
R B, TR B SRR ET
R A EER . AR, WERUNE T
R R R E KR TR DT iR 2 ) 6
e T HARACER, DRI IR = B 2 v T A A 3

3.2 FEIEBRART &N RIS
INEIT BANTRO) RO R S R KA R Y
RIFRME R 2 R R M CY, 220 Mia R 5 50 2
g B AR R R R . AR, A
TR A% B I e RS 97 70 RDRFRE DT iR 8 24\ 35 s - L At
RePE, e H B R R 2 — o AR
KR NEHEN BN R T L A7 AT /NSRS -
RN R IZE 2 5018, SPAD &L, 445 T
BRI TR, R F 775 PR R BT, HiA 4
ol JE AR I HE AN R 5 T 20 /N F2 R /Nl
(T2) RAGhmE (T3) Lz = ZRA0mE (T4) W #E (T5)
FEBAR LA I [ N2 K RUD, R BHZ 780 375K,
KIEFEEENE, HAKE—FBEAN L, HHRTEY
W TR, AR TR KAER A @R,
OB AT RLR SRR, TEREKHT— M RER T RE A 45
KA, 18RRI I N BKBBOR, K g
IR 5y (AL HBE 7K 2K ZE B IE LR T A5 AN 2104 20
RY, SRR FIFR I IR % o /NRBRAmE . KR
Se/NFEAA R RO, £ /N v LR S R i A
LIS Gy i K e AT AN, X i N R AY
AFITEEAR ST o 2R UK T R e 2 24
JaBEN L3, B IR RER TN R RS,
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— BRIy SN PO, A TN R R
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Effects of Different Irrigation Modes on Dry Matter Accumulation and
Yield Economic Benefit of Wheat

ZHANG Guangyan, LI Junliang, XU Liangju, JIN Shengai "
(Qingdao Agricultural University, Qingdao 266109, China)

Abstract : Our aim is to select the optimal irrigation model and provide theoretical guidance and data support for the
realization of high efficiency of grain production at the same time. [ Method] In this experiment, the strong gluten
wheat Yannong No. 21 was taken as the research object, and we set five irrigation modes, including diffuse irrigation,
small micro-spray irrigation, large micro-spray irrigation, elevated micro-spray irrigation and drip irrigation. The
effects of different irrigation modes on dry matter accumulation, transport, absorption and utilization, yield and
economic benefit of wheat were studied. [ Result] Different irrigation modes had significant effects on the
accumulation and transfer of dry matter in wheat, and the accumulation of dry matter before flowering in wheat
under drip irrigation mode was 38.0%~59.2% higher than that under other irrigation modes. The contribution rate of
transferred dry matter to grains in drip irrigation model was 104.8%, 421.0%, 129.0% and 126.8% higher than that in
the model of diffuse irrigation, the model of small micro-spraying, the model of large micro-spraying and the model of
overhead micro-spraying. In terms of nitrogen and phosphorus, all of the accumulation, transfer and the contribution
rates of nitrogen (phosphorus) accumulation in wheat under drip irrigation were significantly higher than those in other
irrigation models. The yield and economic benefit of wheat under drip irrigation were significantly higher than other
irrigation models. In addition, the economic benefits of small micro-spraying, large micro-spraying, elevated
micro-spraying and drip irrigation were 25.0%, 23.4%, 25.4% and 77.0% higher than that of the flood irrigation.
[ Conclusion] Therefore, under the condition of the same irrigation amount, it is recommended to choose drip
irrigation mode, followed by elevated micro-spraying mode, which can promote the absorption and utilization of
nutrients in wheat, improve wheat yield and economic benefits, and is suitable for wheat planting in dry areas.
Key words: irrigation ; dry matter accumulation; nutrient absorption; yield; economic benefit; wheat
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